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(54) Combinatorial strategies for polymer synthesis 

(57) There is disclosed a method of forming oligo- 
nucleotides or peptides having diverse sequences on a 
single substrate, said substrate comprising a surface 
with a plurality of selected regions with acid-labile pro- 
tecting groups protecting activated sites capable of cov- 
alently binding nucleic acids or amino acids, said 
method comprising the steps of: 



(a) providing on said surface a photoresist wherein 
said photoresist is an add generating polymer; 

(b) selectivity irradiating a portion of said plurality of 
selected regions whereby add is generated thereby 
removing said acid-labile protecting groups to pro- 
vide said activated sites in said selectivity irradiated 
portion; 

(c) removing said photoresist in said selectivity irra- 
diated portion of said plurality of selected regions; 

(d) contacting and covalently binding selected 
nucleic adds or amino acids to said activated sites 
in said selectively irradiated portion; 

(e) sequentially contacting and covalently bonding 
one or nnore selected nucleic adds or amino acids 
to the substrate of step d) to form said oligonucle- 
otides or peptides having diverse sequences at the 
selectively in-adiated portions. 

Also disclosed is a method of forming an array of 



diverse molecules on a surface of a substrate, said sur- 
face of said substrate having active sites thereon, said 
active sites being protected by protecting groups, com- 
prising: 

removing said protecting groups from at least a first 
selected region on said surface; 
exposing said at least first selected region to a first 
monomer containing solution said first monomer 
including a protecting group coupled to an active 
site, said exposing step comprising the steps of 
generating droplets of said monomer containing 
solution, charging said droplets and deflecting said 
charged droplets onto said substrate; 
removing said protecting group at least a second 
selected region of said substrate; 
exposing said at least second selected region to a 
second monomer containing solution, said second 
monomer including a protecting group coupled to 
an active site, said exposing step comprising the 
steps of generating droplets of said monomer con- 
taining solution, charging said droplets and deflect- 
ing said charged droplets onto said substrate; 
repeating said removing and exposing steps to form 
an array of diverse molecules in said at least first 
and second selected regions. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] This application is related to U.S. Serial No 796,243 (filed November 22. 1991) and to U.S. Serial No. 874.849 
(filed April 24, 1992), both of which are incorporated herein by reference for all purposes. 

[0002] The present invention relates to the field of polymer synthesis and screening. More specifically in one embod- 
iment the invention provides an improved method and system for synthesizing an-ays of diverse polymer sequences. 
According to a specific aspect of the invention, a method of synthesizing diverse polymer sequences such as peptides 
10 or oligonucleotides is provided. The diverse polymer sequences may be used, for example, in screening studies for 
determination of binding affinity. 

[0003] Methods of synthesizing desired polymer sequences such as peptide sequences are well known to those of 
skill in the art. Methods of synthesizing oligonucleotides are found in, for example. Oligonucleotide Synthesis: A Prac- 
tical Approach. Gate, ed., IRL Press, Oxford (1 984). incorporated herein by reference in its entirety for all purposes. The 

15 so-called "Merrrfield" solid phase peptide synthesis has been in common use for several years and is described in Mer- 
rifield, J. Am. Chem. Soc. (1963) 85:2149-2154, incorporated herein by reference for all purposes. Solid-phase synthe- 
sis techniques have been provided for the synthesis of several peptide sequences on, for example, a number of "pins." 
See e.g.. Geysen et al., J. Immun. Meth. (1 987) 102:259-274. incorporated herein by reference for all purposes. Other 
solid-phase techniques involve, for example, synthesis of various peptide sequences on different cellulose disks sup- 

20 ported in a column. See Frank an Doring, Tetrahedron (1988) 44:6031-6040, incorporated herein by reference for all 
purposes. Still other solid-phase techniques are described in U.S. Patent No. 4,728.502 issued to Hamill and WO 
90/00626 (Beattie, inventor). 

[0004] Each of the above techniques produces only a relatively low density an'ay of polymers. For example, the tech- 
nique described in Geysen et al. is limited to producinq 96 different polymers on pins wvired in the dimencicnc of a 

25 Standard microtiter plate. 

[0005] Improved methods of forming large arrays of peptides, oligonucleotides, and other polymer sequences in a 
short period of time have been devised. Of particular note, Pirrung et a!., U.S. Patent No. 5.143,854 (see also PCT 
Application No. WO 90/15070) and Fodor fit al-, PCT Publication No. WO 92/10092, all incorporated herein by refer- 
ence, disclose methods of forming vast arrays of peptides and other polymer sequences using, for example, light- 

30 directed synthesis techniques. See also. Fodor gl al-. Science (1991) 2^:767-777. also incorporated herein by refer- 
ence for all purposes. 

[0006] Some work has been done to automate synthesis of polymer arrays. For example, Southern, PCT Application 
No. WO 89/1 0977 describes the use of a conventional pen plotter to deposit three different monomers at twelve distinct 
locations on a substrate. These monomers were subsequently reacted to form three different polymers, each twelve 
35 monomers in length. The Southern Application also mentions the possibility of using an ink-jet printer to deposit rrion- 
omers on a substrate. Further, in the at>ove-referenced Fodor fit al., 

[0007] PCT application, an elegant method is described tor using a computer-controlled system to direct a VLSIPS™ 
procedure. Using this approach, one heterogenous array of polymers is converted, through simultaneous coupling at a 
number of reaction sites, into a different heterogenous array. This approach is refen-ed to generally as a "combinatorial" 
40 synthesis. 

[0008] The VLSIPS™ techniques have met with substantial success. However, in some cases it is desirable to have 
alternate/additional methods of forming polymer sequences which would not utilize, for example, light as an activator, 
or which would not utilize light exclusively. 

45 SUMMARY OF THE INVENTION 

[0009] Methods and devices for synthesizing high-density arrays of diverse polymer sequences such as diverse pep- 
tides and oligonucleotides are provided by virtue of the present invention. In addition, methods and devices for deliver- 
ing (and, in some cases, immobilizing) available libraries of compounds on specific regions of a substrate are provided 
50 by this invention. In prefen-ed embodiments, various monomers or other reactants are delivered to multiple reaction 
sites on a single substrate where they are reacted in parallel. 

[0010] According to a preferred embodiment of the invention, a series of channels, grooves, or spots are formed on 
or adjacent a substrate. Reagents are selectively flowed through or deposited in the channels, grooves, or spots, form- 
ing an an-ay having different compounds - and in some embodiments, classes of compounds at selected locations on 
55 the substrate. 

[001 1 ] According to the first specific aspect of the invention, a block having a series of channels, such as grooves, on 
a surface thereof is utilized. The block is placed in contact with a derivatized glass or other substrate. In a first step, a 
pipettor or other delivery system is used to flow selected reagents to one or more of a series of apertures connected to 
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the channels, or place reagents in the channels directly, filling the channels and "striping" the substrate with a first rea- 
gent, coupling a first gro^) of monomers thereto. The first group of monomers need not be homogenous For example 
a monomer A may be placed in a first groi,D of the channels, a monomer B in a second group of channels, and a mon- 
omer C m a third group of channels. The channels may in some embodiments thereafter be provided with additional 
reagents, providing coupling of additional monomers to the first group of monomers. The block is then translated or 
rotated, again placed on the substrate, and the process is repeated with a second reagent, coupling a second group of 
monomers to different regions of the substrate. The process is repeated until a diverse set of polymers of desired 
sequence and length is formed on the substrate. By virtue of the process, a number of polymers having diverse mono- 
mer sequences such as peptkles or oligonucleotides are formed on the substrate at known locations. 
[0012] According to the second aspect of the invention, a series of microchannels or microgrooves are formed on a 
substrate, along with an appropriate array of microvalves. The channels and valves are used to flow selected reagents 
over a derivatized surface. The microvalves are used to determine which of the channels are opened for any particular 
coupling step. ''^ 

[0013] Accordingly, one embodiment of the invention provides a method of forming diverse polymer sequences on a 
single substrate, the substrate comprising a surface with a plurality of selected regions. The method includes the steps 
of forming a plurality of channels adjacent the surface, the channels at least partially having a wall thereof defined by a 
portion 0 the selected regions; and placing selected reagents in the channels to synthesize polymer sequences at the 
portion o the selected regions, the portion of the selected regions comprising polymers with a sequence of monomers 
different from polymers in at least one other of the selected regions. In alternative embodiments, the channels or flow 
patlns themselves constitute the selected reaction regions. For example, the substrate may be a series of adjoining par- 
allel channels, each having reaction sites therein. 

[0014] Accorting to a third aspect of the invention, a substrate is provided which has an array of discrete reaction 
regions separated from one another by inert regions. In one embodiment, a first monomer solution Is spotted on a first 
set of reaction regions of a suitably derlvatized substrate. Thereafter, a second monomer solution is smttoH , 
ona set ot regions, a third monomer solution Is spotted on a third set and so on. until a number of the regions each" have 
one species of monomer located therein. These monomers are reacted with the surface, and the substrate Is subse- 
quently washed and prepared for reaction with a new set of monomers. Dimers, trimers, and larger polymers of control- 
led length and monomer sequence are prepared by repeating the above steps with different groupings of the reaction 
regions and monomer solutions. In alternative embodiments, the polymers or other compounds of the array are deliv- 
ered to the regions as complete species, and thus the above polymer synthesis steps are unnecessary. 
[0015] In a preferred embodiment, a plurality of reaction regions on the substrate surface are surrounded by a con- 
straining region such as a non-wetting region which hinders the transport of reactants between adjacent reaction 
regions. Thus, the reactants in one region cannot flow to other regions where they could contaminate the reaction In 
certain preferred embodiments, the regions of the array are defined by selective irradiation of a substrate surface con- 
taining photoiabile hydrophobic protecting groups. In areas where the surface Is irradiated, the hydrophobic protecting 
groups are removed to define reaction regions. When an aqueous or other polar reactant solution is deposited in the 
reaction region, it will have a relatively large wetting angle with the substrate surface so that by adjusting the amount 
deposited, one can ensure no flow to adjacent regions. ' i v 

[0016] A further understanding of the nature and advantages of the Inventions herein may be realized by reference to 
the remaining portions of the specification and the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

Fig. 1 is a generalized diagram illustrating the invention; 

Fig. 2 is a flow chart illustrating the treatment steps performed in synthesizing an array of various polymeis 
Fig. 3 IS a mapping of a resulting array of polymers; 

Fig. 4a to 4c illustrate the arrangement of three channel block templates in six process steps employed to synthe- 
size 64 million hexapeptides from a 20 amino acid basis set; 

Fig. 5a is a top view and Fig. 5b is a cross-sectional view of a first en^odiment of a device used to synthesize 
an-ays of polymer sequences; 

^ l'^-^^^^^ ^ew of an embodiment containing a pressure chamber far holding a substrate against a 

Figs. 7a and 7b are top views of two of two different "fanned array" channel blocks- 
Fig. 8 is a cross-sectional view of a channel block and associated flow ports according to one embodiment of the 

invention; 

Fig. 9 is a detailed cross-sectional view of the flow ports in a channel block; 
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Fig. 10 IS a diagram of a flow system used to deliver coupling compounds ard reagents to a flow cell; 
Figs 11a and 1 lb show an apparatus used to transfer a substrate from one channel block to another; 
Fig. 12 IS a diagram of a multichannel solid-phase synthesizer; 
Figs 13a and 13b illustrate alternative arrangements of the grooves in a channel block; 
5 Fig. 14 is a schematic illustration of reaction pathways used to prepare some hydrophobic groups of the present 

invention; 

Figs 15a and 15b illustrate a microvalve device; 

Figs 16a and 16b illustrate an alternative embodiment of the invention; 

Fig. 1 7 IS a mapping of expected fluorescent intensities with a substrate selectively exposed to fluorescent dye 

10 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
CONTENTS 
15 [0018] 

I. Glossary 

II. General 

III. Methods for Mechanical Delivery of Reagents 
20 IV Flow Channel Embodiments 

V. Spotting Embodiments 

VI. Alternative Embodiments 

VI I. Examples 

ift A. Leak lesting 

B. Formation of YGGFL 

C. 100 Micron Channel Block 

D. Channel Matrix Hybridization Assay 

30 VIII. Conclusion 
I. Glossary 

[001 9] The following terms are intended to have the following general meanings as they are used herein: 

35 

1. Ugand : A ligand is a molecule that is recognized by a receptor. Examples of ligands that can be investigated by 
this invention include, but are not restricted to, agonists and antagonists for cell membrane receptors, toxins and 
venoms, viral epitopes, hormones, opiates, steroids, peptides, enzyme substrates, cofactors, drugs, lectins, sug- 
ars, oligonucleotides, nucleic acids, oligosaccharides, and proteins. 

40 

2. Monomer : A monomer is a member of the set of small molecules which are or can be joined together to form a 
polymer or a compound composed of two or more members. The set of monomers includes but is net restricted to, 
for example, the set of common L-amino acids, the set of D-amino ackJs, the set of synthetic and/or natural amino 
acids, the set of nucleotides and the set of pentoses and hexoses. The particular ordering of monomers within a 

45 polymer is referred to herein as the "sequence" of the polymer. As used herein, monomers refers to any member 
of a basis set for synthesis of a polymer. For example, dimers of the 20 naturally occurring L-amino acids form a 
basis set of 400 monomers for synthesis of polypeptides. Different basis sets of monomers may be used at succes- 
sive steps in the synthesis of a polymer. Furthernxjre. each of the sets may include protected members which are 
modified after synthesis. The invention is described herein primarily witii regard to the preparation of molecules 

50 containing sequences of nronomers such as amino acids, but could readily be applied in the preparation of other 
polymers. Such polymers include, for example, both linear arxJ cyclic polymers of nucleic acids, polysaccharides, 
phospholipids, and peptides having either a-, p-, or (o-amino adds, heteropolymers in which a krown drug is cov- 
alentiy bound to any of the above, polynucleotides, polyurethanes, polyesters. polycartx)nates, polyureas, pdya- 
mides, polyethyleneimines, polyarylene sulfides, polysiloxanes. polyimides, pdyacetates. or other pdymers which 

55 will be apparent upon review of this disclosure. Such polymers are "diverse" when polymers having different nx>n- 
omer sequences are formed at different predefined regions of a substrate. Methods of cyciization and polymer 
reversal of polymers are disclosed in copending application Serial No. 796,727. filed November 22, 1991 , entitied 
"POLYMER REVERSAL ON SOLID SURFACES." incorporated herein by reference for all purposes. 
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3. Peptide : A peptide is a polymer in which the monomers are alpha amino acids and are joined together through 
amide bonds, alternatively referred to as a polypeptide. Amino acids may be the L-optical isomer or the D-optical 
isomer. Peptides are two or more amino add monomers long and are often more than 20 amino acid monomers 
long. Standard abbreviations for amino acids are used (e.g., P for proline). These abbreviations are included in 
Stryer, Biochemistry. Third Ed.. 1988. which is incorporated herein by reference for all purposes. 

4. Receptor : A receptor is a molecule that has an affinity for a ligand. Receptas may be naturally-occurring or man- 
made molecules. They can be employed in their unaltered state or as aggregates with other species. Receptors 
may be attached, covalently or noncovalently to a binding member, either directly or via a specific binding sub- 
stance. Examples of receptors which can be employed by this invention include, but are not restricted to, antibod- 
ies, cell membrane receptors, monoclonal antibodies and antisera reactive with specific antigenic determinants, 
viruses, cells, drugs, polynucleotides, nucleic acids, peptides, cofactors, lectins, sugars, polysaccharides, cellular 
membranes, and organelles. Receptors are sometimes referred to in the art as anti-ligands. As the term receptors 
is used herein, no difference in meaning is intended. A "Ligand Receptor Pair" is formed when two molecules have 
combined through nrtolecular recognition to form a complex. 

Specific examples of receptors which can be investigated by this inverrtion include but are not restricted to: 

a) Microorganism receptors : Determination of ligards that birxJ to microorganism receptors such as specific 
transport proteins or enzymes essential to survival of microorganisms would be a useful tool for discovering 
new classes of antibiotics. Of particular value would be antibiotics against opportunistic fungi, protozoa, and 
bacteria resistant to antibiotics in current use. 

b) Enzymes : For instance, a receptor can comprise a binding site of an enzyme such as an enzyme responsi- 
ble for cleaving a neurotransmitter; determination of ligands for this type of receptor to modulate the action of 
an enzyme that cleaves a neurotransmitter is useful in developing dmns that ran ho mcqh jn the treatment cf 
disorders of neurotransmission. 

c) Antibodies : For instance, the invention may be useful in investigating a receptor that comprises a ligand- 
binding site on an antibody molecule which combines with an epitope of an antigen of interest; determining a 
sequence that mimics an antigenic epitope may lead to the development of vaccines in which the immunogen 
is based on one or more of such sequences or lead to the development of related diagnostic agents or com- 
pounds useful in therapeutic treatments such as for autoimmune diseases (e.g., by blocking the binding c* the 
"self" antibodies). 

d) Nucleic Acids : Sequences of nucleic acids may be synthesized to establish DNA or RNA binding sequences 
that act as receptors for synthesized sequence. 

e) Catalytic Polypeptides : Polymers, preferably antibodies, which are capable of promoting a chemical reaction 
involving the conversion of one or more reactants to one or more products. Such polypeptides generally 
include a binding site specific for at least one reactant or reaction intermediate and an active functionality prox- 
imate to the binding site, which functionality is capable of chemically nxxiifying the bound reactant. Catalytic 
polypeptides and others are desaibed in, for example. PCT Publication No. WO 90/05746, WO 90/05749. and 
WO 90/05785, which are incorporated herein by reference for all purposes. 

f) Hormone receptors : Determination of the ligands which bird with high affinity to a receptor such as the 
receptors for insulin and growth hormone is useful in the developmerrt of, for example, an oral replacement of 
the daily injections which diabetics must take to relieve the symptoms of diabetes or a replacement for growth 
hormone. Other examples of hormone receptors include the vasoconstrictive hormone receptors; determina- 
tion of ligands for these receptors may lead to tiie development of drugs to control Wood pressure. 

g) Opiate receptors : Determination of ligands which bind to the opiate receptors in the brain is useful in tfie 
development of less-addictive replacements for morphine and related drugs. 

5. Substrate : A material having a rigid or semi-rigid surface. In many embodiments, at least one surface of tiie sub- 
sti'ate will be substantially flat, altiiough in some embodiments it may be desirable to physically separate synthesis 
regions for different polymers with, for example, wells, raised regions, etched trenches, or the like, tn some embod- 
iments, the substrate rtself contains wells, trenches, flow through regions, etc. which form all or part of tiie synthesis 
regions. According to other embodiments, small beads may be provided on the surface, and compounds synthe- 
sized thereon may be released upon completion of the synthesis. 

6. Channel Block : A material having a plurality of grooves or recessed regions on a surface thereof. The grooves or 
recessed regions may take on a variety of geometi-ic configurations, including but not limited to sti-ipes, circles, ser- 
pentine patiis, or the like. Channel tDlocks may t>€ prepared in a variety of manners, including etching silicon blocks, 
nx)lding or pressing polymers, etc. 
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to e^t .n^H ' r i " "^"^ '° " "^""^^ ^"'^ ^^''^^ ^e'-o-ed therefrom 

to expose an active srte such as, ,n the specific example of an amino acid, an amine group Specific examples of 
photolab.le profectng groups are discussed in Fodor elal.. PCT Put^ication No. WO 9^10092 (pSiLt^™ 

rated by reference) and U.S. Senal No. ,iied November 2. 1 992 (attorne d^et No S 

68) incorporated herein by reference for all purposes. eyaocRetiNo. iiwa 

far^SS^; t^J^"^;""^ '"^'"^ " ' °" ^ ^'^^'^^^^ ^^''^►^ or is intended to be used 

tanllf . i SL; ? P^'^"''"'^ ^'9'°" '""y ^^^^ ^aPe. e Circular, rec- 

whic eachdiSn;.!^''' ^'^i'^snts, a predefined region and, therefore, the area upon 

whncheachdisbnrtpoh^mer sequence IS synthesized is small^^ ^2 more preferably less than 1 mS 

. JS.^ n nnn' "''l''" ° ' ™^ ^^^'^^'^ embodiments the regions have an area lessT^n 

or^f^N r ''f ' °° ^l^^ P°'y™^ synthesized therein^s 

preferably synthesized rn a substantially pure form. ~ii«>Binib 

i,!!ff?55Kf '^^'^ "^'^^'^ *° ''^ "substantially pure" within a predefined region of a substrate 
when It exhibits charactenstcs that distinguish it from other predefined regions. Typically, purity will be measured 
in terms of biological activity or function as a result of uniform sequent Such charaL^stcs wif S 
measured by way of binding with a selected ligand or receptor. Preferably the region is sufficiertly f^ e^'su^that 
the p edominan species in the predefined region is the desired sequence. According to preferred aspects ofttfe 

80% to 90% pure, and most preferably more than 95% pure, where purity for this purpose refers to the ratio of the 
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00201 The invention can be used m variety of applications. For exarrple. the invention can be used as a synthesis 

SI? ' "! '"^'^^ " e'^^P'e «=^eening compound librar^fa dma 

acbv^^)^ or as a monitonng/diagnostic tool (as for example in medical or environmental testing) ^ one spl: ^ erS 
iment, the invention is used for nucleic acid-based diagnostics ^ 
^^IJ^ ^ synthesis tool, the present invention provides for the formation of arrays of large numbers of different pol- 
ymer sequences. Accord^g to a preferred embcxfiment. the invent' on provkles for the synthesis of an array of dSnt 
peptides or ohgonudeotides in selected regions of a substrate. Such substrates having he diverse sequences formi 
thereon may be used in. for example, screening studies to evaluate their interaction «Sh receptas ^h as^^S 
!n?^% '''T; P^'^^^"' embodiments the invention provides for screening of peptkles to S^n n1 
TeJs to detlminrthTr "Sf ' '"'"^ ""'"^ ^"'""^ ^ '^^^^ "^Preferred e^dT 

sCnSsS^nv:^^^^^^^^ 

ISncrr tnSi" "^J"*"^^^ synthesizing the diverse polymer sequences on a single substrate, processing of the 
sequences to evaluate charactenstcs such as relative binding affinity is more easily conducted. By way of example 

Te tJZn T'" ""^'''^1 ' '"^^^ °* '"^"^^ '° ^^^'^ to determine the pepSS^e t 
ative binding affinity to a receptor, the entire substrate and, therefore, all or a group of the polymer sequences njv be 
exposed to an appropriately labelled receptor and evaluated Simultaneously Po ymer sequences may be 

*e present invention can be employed to localize and, in some cases immobilize vast 
colle^ons of synthetc chemical compounds or natural product extracts. In such methods, compounds a^SJS 
on predefined regions of a substrate. TTie reaction of the immobilized compound (or compounds) wrth^rioi te^ 
positons such as the members of the chemical library or a biological extraS are testedTdispensl^fa qu,Zf 

in 2i T '"''^.'^ ' '"^9' °' ^«=eptors is deposited on a substrate one 

n^c* region to form an array. A ,^ant/animal extract is then screened for binding to varioufreceptors of the array 

ITn^ S^L'aTnZ r ^^J^^^^'^ in common with the "light directed" methods described in U.S. Pat- 
ent No. 5^143 854, previously incorporated by reference. The light directed methods discussed in the '854 oatent 
.nvDK^e acbyatng predefined regions of the substrate and then contacting the substrate with TpVe^ele^ed L^e^ 

"^T^ ^^'T ^" « through a nTsMSnTmTnro 

photolithography technK,ues used in integrated circuit fabrication). Other regions of the suSate reniinl^ale 

rS wr/: '"^ "^"^^ « Pattern^iefines which rS X sSe 

react with a given monomer. By repeatedly activating different sets of predefined regions and contacting differed rS 
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omer solutions with the substrate, a diverse array of polymers is produced on the substrate. Of course other steps such 
as washing unreacted monomer solution from the substrate can be used as necessary. 

I!^^^ .1" ^ '"^^^"''=3' °^ Pf^ysical structure defines the regions which are available to 

read wrth a given monomer. In some embodiments, a wall or other physical barrier is used to block a given monomer 

.hril?«S TH T!ff '"^ °' »° ^^^^♦^ «^«"« ^no'^er solutions on 

?eaJv^;^ln?o CM "!S t ''"^ u"^""'"'^ '° '""'^^^ '° <^«^^«"' ^«9i°"^ simultaneously (or 

nearly simultaneously) and reduces the number of separate washing and other reaction steps necessary to form an 

, Z lTr"""- '''^''^ "^'^''^ ^ controlled independency ^Ji 

SmS pTSle ''''' independently from reaction site to reaction site, to 

LTfhl Jl! ^•'^7J'^!P^«'«7«' f "*odimems of the present invention, light or another activator is used in conjunction 

Sr.t?ni 1 SiH"" ° ^^"^'^^ ^ ''9^' ^"^^^ ^'^^t^ ^«3ions of the sub 

strate at one time and then a mechanical system directs monomer solutions to different activated regions, in parallel. 

III. Methods fr>r Mprhan jcal Dellvpry of Reagents 

lOWT] In preferred embodiments of the present invention, reagents are delivered to the substrate by either (1 ) f lowina 
^TJl^ r^'"^ on predefined regions or (2) -spotting" on predefined regions. However. othL tp oa ^ 

strata aremechanicaliy separated from otherregionswhen the monomer solutions aredeliveredtothe^^^^ 

[0028] A typical "flow channel" method of the present invention can generally be described as follows. Diverse Ddv- 
mer sequences are synthesized at selected regions of a substrate by forming flow channels 
suate inrougn Which appropriate reagents flow or in which appropriate reagents are placed. For example 'assur^ra 
monomer-A" is to be bound to the substrate in a first group of selected regions. If necessary, all or i^Toflhe surface 

Sfa^hnnpf^ 

fol H °?, T-r'^^'^ ' '""9""' '^"'"9 '^'^^^ A flows through or is placL In all or 

some Of the channel{s). The channels provide fluid contact to the first selected regions, thereby binding the mon^e 
A on the substrate directly or indirectly (via a linker) in the first selected regions y oinoing the monomer 

IS J2 = ^"^'^^^ S ^ ^'^^^ to second selected regions, some of which may be included among the 
ust selected regions. The second selected regions will be in fluid contact with a second flow channel(s) through trans- 
2lX °'. t^« '^^'^^ ^o'^ the surface of the substrate; through opening or closing a 

Zf r^ '- °' Z"^^ ' '^^^ f^oTBsist If necessary, a step is performed for activating at lea^ 

tTs 2e ""^S '''' ^^^""'"9 s^'^ences bound to tie substra^at 

J dSS \ ^' ^' "^^^ ^^""^ ^^^ted to form a vast array of sequences 

of desired length at known locations on the substrate. «=h c wss 

12 fhi!!,oh*'r"'1''*'^ ^ °t the channels, monomer B can be 

l7fJ^?^t ^ ^ ^^f^anne's. ete. In this manner, many w 

S l.h<^ o^/" '"^'"^J "l^'f"^ ' '^"^^ ™^ ^ "^-ed or the substrate mu^ 

SunTi oTL,2^^ 'T"^"^- "^""^ °* "^"^ °^ ^" °^ ^^"^^ Simultaneously, the 

number of washing and activation steps can be minimized. 

[0031] Various embodiments of the invention will provkle for alternative methods of forming channels or otherwise 

s2h1r« ^SIZ "^'^"^ *° ^"^ embodiments, a protective coatng 
such as a hydrophilic or hydrophobic coating (depending upon the nature of the soK/ent) is utilized over portions of the 
substrate to be protected, sometimes in combination with materials that facilitate wetting by the reactant solution in 
otfier regions. In this manner, the f lo««ng solutfons are further prevented from passing outs/e of their designated fZ 

l^^i ®"*^™^"ts of the present invention can be implemented in much the same manner as the 

rS'o'r^^r.h'h?°tr''^- ' ^" ^^"^^'^^ '° a first group of reaction 

regions wh^h have been appropriately activated. Thereafter, a monomer B can be delivered to and reacted with a sec- 
ond group o^ acbvated reaction regions. Unlike the flow channel embodiments described above, reactants are delivered 
by direcjy deposing (rather than flowing) relatively small quantities of them in selected reg ons Tn^rste^s ^ 
cou^e. the entire substrate surface can be sprayed or othen^se coated v.th a solution. In ?efe^ed e^^iS a 
dispenser moves from region to region, depositing only as much monomer as necessary at each st^ S Ss 
ers include a micropipette to deliver the monomer solution to the substrate and a robotic system fo^nt^^ me fSftton 
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of the micropipette with respect to the substrate. In other embodiments, the dispenser includes a series of tubes a man- 
ifold, an array of pipettes, or the like so that various reagents can be delivered to the reaction regions simultaneously. 

IV. Flow Chann el EmbQdim<}nts 

5 

[0033] Fig^l illustrates an example of the invention. In this particular exanple, monomers and dimers of the monomer 
group A, B, C, and D are to be bound at selected regions of the substrate. The substrate may be biological nonbiolog- 
ical, organic, inorganic, or a combination of any of these, existing as particles, strands, precipitates, gels, sheets tubing 
spheres, containers, capillaries, pads, slices, films, plates, sikles, etc. The substrate may have any convenient' shape 
'0 such as a disc, «,uare, sphere, circle, etc. The substrate is preferably flat but may take on a variety of alternative surface 
T^"' ? '"'^''^'^ ™^ '^'"^ °' depressed regions on which the synthesis takes place 

[0034] The substrate and its surface form a support on which to carry out the reactions described herein These mon- 
omers are bound using first flow channel paths x,. x,. x,. and X4 which are formed or placed on or adjacent the sub- 
strate in a first onentation, and second flow channel paths y, . y^. y^. and y, which are formed or placed on or adjacent 
the sutetra e m a second orientation. The second flow channel paths intersect' at least a part of the first flow channel 

f ' °* ac'^^ding to techniques which are described in greater detail elsewhere herein 

10035] Initially the substrate is subjected to one or more preliminary treatments such as. for example cleaning and 
the optional placement of "linker" molecules on the surface thereof. The substrate may also be provided with various 
active groups, common monomer sequences which will form a part of the polymers, or the like 

^ 'iSlJ^r^^t' ^ '''^ "^^'"^ °' °' ""^ provided with the first monomer A 

which binds through covalent bonds or othenwise to the substrate (directly or indirectly) where the flow channel contacts 
the substrmeJn the partcular example shown in Fig. 1 . the flow channels x, and xj are utilized, binding the monomer 
A to the substrate along the entire length of the substrate adjacent to the xi and xj channels. Each coupling step may 

in some embodiments be composed of a variety of substeos. For exsmnie *«,nh rn.jr.iinn i„.i. ^ „ . 

is substeps for washing, chemical activation, or the like. ' •-■■■■^—r--, =v.,.= «„«,c 

[0037] Thereafter or concurrently therewith, as shown in Rg. 2. a second monomer B is provided to selected flow 
channels and the monomer B binds to the substrate where the second f bw channels provide contact therewith In the 
particular example shown in Rg. 2. monomer B is bound along channels X3 and X4. When the monomers A and B flow 
through their respective flow channels simultaneously, only a single process step is required to perform two coupling 
steps simultaneously. As used herein, a "process step" refers to the injection of one or more channels with one or more 
reagents. A coupling step" refers to the addition of a monomer in a polymer. 

[0038] Processing thereafter continues in a similar manner with monomers C and D in the manner shown in the flow 
diagram of Fig^ 2. with monomer C being bound in the flow channels y^ and y^. and D being bound in the f tow channels 
Va arid y^. Preferably, monomers C and D are directed through the flow channels y^ to y4 simultaneously whereby two 
f'i^^Ss ^ performed with a single process step. Ught regions in Rg. 1 indicate the intersections of the resulting 

[0039] Fig. 3 illustrates the mapping of sequences formed using the above illustrated steps. As shown therein the 
s«,uences A. B, C. D. AD^BD. AC. and BC have been formed using only two process steps. Accordingly, it is seen'that 
the process provides for the synthesis of vast arrays of polymer sequences using only a relatively few process steps 
By way of further example, it is necessary to use only two process steps to form all of the 42 = 16 dimers of a four-mon- 
omer basis set. By way of further example, to form all 4^ octomers of a four-monomer basis set, it is necessary to pro- 
vide only 256 flow channels oriented in the "x" direction, and 256 f tow channels oriented in the "y" direction, wi*. a total 
of eight coupling steps. "•"«<i 

[0040] The power of the technique is further illustrated by synthesizing the complete array of six hexamer peptides 
from a 20 amino aad basis set. This array will include 20^ or 64.000,000 regtons defining 64.000 000 different peptides 
and can be formed in only six process steps. Further, the method requires only three different templates, one having 20 

'^'t f ••! ^^"^"^ ^""^ ^^^^^ 3^ as '^^e first, and a thirt haN^ng 8000 channels 

each 1/20tti as wide as the second. Each template will be used in two process steps, each at an orientation at 90 
degrees with respect to the other as illustrated in Rg. 4. With the f iret template, the substrate is activated and then solu- 
tions of each of the 20 amino acid basis set (or other 20 member basis set) are flowed over and reacted on a different 
predefined stripe in a first orientation. This is the first process step and includes 20 coupling or attachment steps which 
can be periomied simultaneously. Next, the entire substrate is again activated and the first tenplate is placed in a sec- 
ond orientation, perpendicular to the first (Rg. 4a). Tlie 20 amino acid solutions are then ftowed along 20 new prede- 
fined stripes (each perpendicular to the original set of stripes). In each of these two process steps, the 20 predefined 
regions (the strpes along the f tow channels) are first activated and then contacted with the individual monomers so that 
all 20 sfripes are reacted before the next activatfon step is necessary. In other words. 20 coupling steps are conducted 
in parallel, greatly reducing the number of necessary activation steps. a e conauciea 

[0041 ] The four remaining coi43ling steps employ the second and third templates. In the third and fourth process steps 
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^^V^h^ "'^"'^^ ^° ^'^^ fifth and sixth process steps (Fiq 4c) 400 channel. 

S nnn nin^ ^ ^ , "'"^ ^'^"""^ ^ '^^"^ to produce the entire Hbrary of 

^^n .ri h"^^^ J^''"^''' ^ '^'""'""^ embodiment, a single template having 8000 channels to coiral Serv 

rooL^ F o? ^ Tn/l f ?! "^"""^ ^'P'' '"^'^'^^ °* '^^P^""^ diverse polymer arrays 

i«r,L K . ' °^ ' ''^'^ embodiment of a device used for performing the synthesis steos 

described above. In particular, Fig. 5a illustrates the d^ice in top view, while Fig. 5b illustrates the device in croLS. 

rh^nl^. w I fn, f !^ J '""'"^ *° ^ '^O^ and removably heW by clamp 405 to channe^Wock 407 

laft^Stj;^^^^^^^^^^ 

tT^^TcHl ''^'^""^ whileapipet- 

[0043] The details of a second preferred embodiment are shownin Figs. 6-11 Fig 6 displays an atwaratu.; w hnWinn 

the rhl^^lTT^"" " '"^''•^ P^^"^^ to provkie cla-rping pressu e to fmr^SlS 

the substrate while fluris are flowed from fluid flow inlet 1 15, through channel 1 23, and ouTflukl outlet 117 ThT^e' 
and lo^er port,ons of the pressure chamber housing 105 and 125 are held together by nu^ali l^its 1 

^ Ro^irjl ""^Tf *° P^-^"- '^'^^ housing'portions together 

loTl '^^'^''^ P^"" corrfigurations in channel blocks of the present invention As shown in Flos 

sfmiar "T- '^l' ''V' "^"^'^"^ ^ '^"'^^^ 'ending to ridi^n reTon 14 A 

similar arrangement is shown for comparison in Fig. 7b where the orientation of the flow channels in mp rpar^inn 
regions is shifted by 90 degrees on a rectangular channel block. Vacuum portsT45 ani 1" i^^^^^^ racuumte 
are provided so that substrate position is maintained during fluid flow « ^^^e to an extemal vacuum line 

^ iuu4aj me channels shown In Figs. 7a and 7b form a "fanned channel array" on channel block 139 in a manner phpI 
ogous to that of the lead pattem employed in integrated circuits. This pro^^des signif ic^nly incS 2^^^^^^^ 

Sfin^^ J "P"*'" '"P"^"'"" ^^'■'^"y ^ ^^'^^ by the fanned arrangemit Thus Se^n 

IrJ^ii ?H ^ T^'"" by ^'^99e^'"9 delivery porte as shown for ports 127 129 

and 131. This can provde an additional channel separation of at least about 3:1 . Vhus for the^annLrsilSei bv 

Z^rn.T'''''^ ''""^ ""^ Wion between the delivery Sr^s 1^1 S cJTbe SliV 

Zt, T^''- * ' c'*'*'"'' "^'^ ^" P^^«"'i"9 ^eaciion region size ^ 

the channel block dunng clamping in the pressure chamber. It may also provkle a means to access the (^aS iiv* 
porte and reduce leakage between ports or channels. In preferred embodiments the Sels SSf Se S^anne 2S 
are formed on a wafer 1 06 which generally may be any machinable or cast mater« XSy n^ ^e etch^ 
.con or a micromachined ceramic. In other embodiments, the channel block Is pressure-formed c^inS^idSfrom 
a surtaWe polymer rnaterial. The entire channel Wock arrangement is mountS on a rigTd cSnnZ^su^plt l 1 0 

plug ends 151 and 153. With this arrangement, the substrate can be damped against the top surface of thrchannel 

raSrL H f ^ ^ "^'^ ^= s'^^' °' ^"odi^ed aluminum 

°J!f ' . '"<^""d^al micro tubing connections can be made fa each channel as shown in Fig 9 Pluo ends 151 are nrrv 

al hTvl / Tr!^' ^ "^'^ ' Py^« ^abilizl g pla^ofp U eS 15" 

also have a cylindncal lower surface that mates ^th cylindrical recess 1 16 in sub-plate 1 10 fhe subdate an^S) ifz 

so Kl Ffo 0 shSS^:: V' '"^^^ °^ -'^"^ engagement ™a^''' 

JTh fc 2 .22 ^ ^ ^ ^ P"^""® '''°P ^'^^■f^^J maintained across the system. Coupling compounds 
S Ts U^:^^7^'S:r:^^T"' Additional reagems are s^lii3it 

^.oJi!ii ^, Of course, the monomer and coupling reagent reservoirs shown in Fig. 10 are representative of a 
potentially much larger series of resen«:irs. The reagents and coipling compounds are combined 3^27 ^ anS 
Shi ""i J "^"^ ^'""9 °' Wropriate regents and cou^ng1<SZSs is SiJoT 

rirr:t™irh;:;r^^^^^^^^ 

[0050] THe system displayed in Fig. 1 0 allows control of all channels in parallel by regulating only a few variables. For 
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example, a constant pressure gradient is maintained across all channels simultaneously by fixing PI and P2. Thus, the 
flow rate in each channel is dependent upon the cross -sectional area of the flow channel and the rheological properties 
of the fluids. Because the channels have a uniform cross-section and because the coupling compounds are typically 
provided as dilute solutions of a single solvent, a uniform flow rate is created across all channels. With this system the 

5 coupling time in all channels can be varied simultaneously by simply adjusting the pressure gradient across the system. 
The valves of the system are preferably controlled by a single electronic output from control 23. 
[0051] The fanned channel array design shewn in Fig. 7 provides for two separate channel blocks to be used in suc- 
cessive process steps during a chemical synthesis. One block forms a horizontal array on the solid substrate, while the 
other block forms a vertical array. To create a matrix of intersecting rows ar»d columns of chemical compounds, the solid 

10 substrate is transferred from one block to the other during successive process steps. While many experiments require 
only a single transfer from one block to the other during a series of process steps, the fanned channel array transfer 
t^lock 75 illustrated in Figs. 1 1 a and 1 1 b provides one device for maintaining accurate registration of the solid substrate 
71 relative to the channel blocks 79 during repeated transfers. In some embodiments, a single channel block can be 
used for horizontal and vertical arrays by simply rotating it by 90 degrees as necessary. 

15 [0052] The transfer block is positioned with respect to the channel block so that the dimensional characteristics of the 
solid substrate are not used in the alignment. The transfer block 75 is aligned to the channel block by kinematic mount 
81 while vacuum is switched from vacuum line 83 on the channel block to vacuum line 77 on the transfer block (during 
normal operation, a vacuum holds the substrate against the channel block). The sut>strate and transfer block are then 
moved and repositioned relative to the second channel lx>ck. Vacuum is then switched to the second channel block. 

20 retaining the substrate in proper alignment. This way, accurate registration can be assured between process steps 
regardless of variation in the dimensions of individual substrates. The transfer block system also maintains alignment 
of the nnatrix area during transfers to and from the flow cell during experiments utilizing both mechanical and light- 
directed process steps. 

[0053] In some embodiments the channel block need nr^t iJtiii7Pd insteaH, in seme embcdimGrrts. Snia!! "strips" of 
25 reagent are applied to the substrate by, for example, striping the substrate or channels therein with a pipettor. Such 
embodiments bear some resemblance to the spotting embodiments of this invention. According to other embodiments 
the channels will be formed by depositing a photoresist such as those used extensively in the semiconductor industry. 
Such materials include polymethyl methacrylate (PMMA) and its derivatives, and electron beam resists such as 
poly(olefin sulfones) and the like (more fully described In Ghandi. "VLSI Fabrication Principles." Wiley (1983) Chapter 
30 10, incorporated herein by reference in its entirety for all purposes). According to these embodiments, a resist is depos- 
ited, selectively exposed, and etched, leaving a portion of the substrate exposed for coupling. These steps of depositing 
resist, selectively removing resist and monomer coupling are repeated to form polymers of desired sequence at desired 
locations. 

[0054] In some embodiments, a resist can be used to activate certain regions of the substrate. Certain resist materials 
35 such as acid-generating polymers, for example, will release protons upon irradiation. According to these embodiments, 
a substrate covered with such material is irradiated through a mask or othenwse selectively in'adiated so that the irra- 
diated regions of the substrate are exposed to acidic conditions. Acid-labile protecting group on the substrate or oligom- 
ers on the substrate are removed, leaving an activated region. At this point, all or part of the resist may be removed. In 
preferred embodiments, the resist will be renxwed only in the activated regions, so that the channels are formed at the 
40 activated regions. Alternatively, the resist can be removed from the entire substrate. In this case, a separate channel 
block can then be contacted with the substrate to define flow channels, or a conventional VLSIPS™ procedure can be 
employed. 

[0055] In preferred embodiments, the sut^strate is conventional glass, pyrex. quartz, any one of a variety of polymeric 
materials, or the like. Of course, the substrate may be made from any one of a variety of materials such as silicon, pol- 
45 ystyrene, polycartx)nate, or the like. In preferred embodiments the channel block is made of silicon or pdychloratrif lu- 
orethylene, such as material known under the trade name KelF™ 80 made by 3M, although a wide variety of materials 
such as polystyrene, polycartx)nate, glass, elastomers such as Kalrez made by DuPont, various ceramics, stainless 
steel, or the like may be utilized. 

[0056] The channels in the channel block are preferably made by machining, compression rrwlding, injection molding. 

so lithography, laser cutting or the like depending upon the material of interest. In some embodiments employing larger 
channel blocks, the raised portions of the channels in the channel block are treated by lapping with lapping film (0.3 \ivn 
grit). Such smooth surfaces provide good seal to the substrate without the use of a sealant and, therefore, without the 
possibility of leaving sealant material on the substrate when rotating the channel block. Preferably, all operations are 
conducted at substantially ambient temperatures and pressures. 

55 [0057] A particularly preferred channel block is prepared by chemical etching of polished silicon wafers. Chemical 
etching is a widely used technique in integrated circuit fabrications. It can easily provide 60 or more 100 micron chan- 
nels on a 12.8 mm region of a polished silicon wafer. Even after etching, the top (unetched) surface regions of the wafer 
retains the very fiat profile of the unetched wafer. Thus, close contact with the substrate is ensured during flow cell oper- 
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ation. 



^ 1? 1?- ^'^''^ ^"^^'^^^ appropriately treated by cleaning with, for example, organic sol- 
vents, methylene chlorKle. DMF. ethyl alcohol, or the like. Optionally, the substrate may be provided with aajropriate 
linker molecules on the surface thereof. The linker molecules may be. for example, aryl acetylene, ethylene glycol oli- 
gome^containing from 2-10 monomers or more, diamines, diackis, amino ackJs, or combinations thereof Thereafter 
the surface is provided with protected surface active groups such as TBOC or FMOC protected amino ackis Such tech- 
niques are well known to those of skill in the art. 

[0059] Thereafter, the channel block and the substrate are brought into contact forming fluid-tight channels bounded 
by the grooves in the channel block and the substrate, When the channel block and the substrate are in contact a pro- 

SrTthl^r"! "^'""^"^ ^''""^^ ' '^^^ '^^^""^ °' g^^'^P °' <='i3""^s by placing the 

pipettor on the flow inlet of the selected channel and, optionally, the vacuum source on the outlet of the channel In the 
case of, TBOC protected amino ackfs, this protecting group removal agent may be, for example, trifluoro- 

acetic acid OFA). This step is optionally followed by steps of washing to remove excess TFA with, for example dichio- 
romethane (DCM). ' 

[0060] Thereafter, a first amino acid or other monomer A is directed through the first selected flow channel Preferably 
thisfirst amino aad IS also provided with an appropriate protecting group such as TBOC. FMOC, NVOC orthelike TTiis 
step IS also followed by appropriate washing steps. The of deprotection/coupling steps employed in the first group of 
channels are concurrently with or thereafter repeated in acWitional groups of channels. In preferred embodimente, mon- 
omer A will be directed through the first group of channels, monomer B will be directed through a second group of flow 
fnlL".? ' ^ ^ "^"^^ ^ ^'"^'^^ monomers are coupled on parallel channels of the substrate 
[0061] Thereafter, the substrate and the channel block are separated and, optionally, the entire substrate is washed 
wifli an appropriate material to remove any unwanted materials from the points where the channels contact the sub- 

10062] The substrate and/or block is then, ootionallv washerf and traneiat-vi anH/nr h.^., , 

embaliments the substrate is rotated 90 degrees from its original position, although "s^m^^ ert^imTnte r^y ^XIS 
Tn? f r'J^ f ^ ° '° embodiments, such as those discussed in rannec- 

ion with the device shown in Fig. 7, two or more dWerent channel blocks are employed to produce different flow pat- 
terns across the sutetrate. When the channel block is rotated, it may simultaneously be translated with respect to the 

foS^f , * t '^^^^^^ °* '^'^^"e' block, while "rotation" is intended to 

refer to rotation of the substrate and/or channel block about an axis perpendicular to the substrate and/or channel block 
rfS^,?"^Tl° embodiments the relative rotation is at different angles for different stages of the synthesis 
[W»3 THe steps of deprotection. and coupling of amino acids or other monomers is then repeated resulting in the 

^"^"^^ °' ^^^'^ °" ^"^""^ °' ^"^^ ^^-^Ple. a monomer B may be directed tfirough 

selected flow channels provkJing the polymer AB at intersections of the channels formed by the channel block in the 
first position with the channels formed by the channel block after 90-degree rotation 

[0064] While rotation of the channel block is provkled according to preferred embodiments of the invention, such rota- 
tion IS not required. For example, by simply flowing different reagents through the channels, polymers having different 

Znir T ^.aart '^"^^'y ''^ ^ ^P^=*«= "^"^'^^ « P°f«°" °» '^e channels may be filled with 

nronomer A, and a portion filled wrth monomer "B" in a first coipling step. All or a portion of the first channels are then 
filled wrth a TOnomer "C," and all or a portion of the second channels are filled with a monomer "D." forming the 
sequences AB andCD. Such steps couW be used to form 100 sequences using a basis set of 10 monomers with a 100- 
groove channel block. 

!v°*^L embodiment, the Invention provides a multichannel solid-phase synthesizer as shown in Fig 12 In 

his embodiment, a collection of delivery lines such as a manitoki or collection of tubes 1000 delivers activated reagents 
to asynth^is support matrix 1002. The collection of tubes 1000 may take the form of a rigid synthesis btock manifold 
Which can be precsely aligned with the synthesis support matrix 1002. The support matrix contains a plurality of reac- 
tion regions 1 004 ,n which compounds may be immobilized or synthesized. In preferred embodiments, ttie reaction 
regions include synthesis frits, pate, resins, or the like. 

IS . »° *f^e '"dividual reactant regions of the support matrix flow through the reaction 

reg^ns to waste disposal regions, recycling tank{s), separators, etc. In some embodiments, the reaction solutions sim- 
ply pass through the reaction regions under the influence of gravity, while in ottier embodiments, the solutions are pulled 
or pushed through the reaction regions by vacuum or pressure. 

indivkiuaJ reaction regions 1004 of the support matrix are separated from one another by walls or gaskets 
1006. These pra^ent «ie reactant solution in one reaction region from moving to and contaminating adjacent reaction 
regiore. In one embodiment, ttie reaction regions are defined by tubes which may be filled with resin or reaction mix- 
™ *i «"^act between the support matrix 1 002 and a "mask" (not shown). The mask serves 

to control delivery of a first group reactant solutions ttirough predetemnned lines (tubes) to a first set of reaction regions 
By ensuring close contact between the delivery tubes 1000. the mask, and the support matrix 1002, «ie probability that 
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reaction solutions will be accidently added to the wrong reaction site is reduced. 

I!^in rT' P^°^^ s^^' "^ask can be changed so that a new group reactants is delivered to a new set of 
reaction regions. In this manner, a combinatorial strategy can be enployed to prepare a large array of polymerB^ othe 
compounds. In other embod-ments, mechanisms other than masks can be employed to Wock iSi^del v r 
tubes. For examp e. an array of control vaK.es within the tubes may be surtat^e for some embodiments. ' 
[0069] By adjusting the thickness of the synthesis support matrix, the quantity of immobilized material in the reaction 

n ° .f t'^^""^ analysis, while thicker support matrices can be used to synthelVe riS 

largequant,t,esdol,gomerswhichcanbedeavedfromthesupporttorfurtheruse.lnthelatterembilimJ^^^^^ 

Srottrirrr'""'""^'^ 

rjlono eaSrrr^^''' °' ^ """'"^'^ '""'^'^^ ""^'"^ ' '^'^^'^^ -"atrix measuring 

10 cm along each side and having 5 mm reaction regions separated by 5 mm wide gaskets provides 100 indK^idual syn 

:^::st::zr::!::!°"'' '-^-^'^ ^° - ^sjz 

iSon ^''^ ^'^ ^"^^"^ aspects of the invention, other embodiments of the 

ii^em^n will provKJe for arcular rings or other shapes such as circular rings with radial grooves running be^een 

fr™Zto t^p ? ^"T'"^-'^' ^ vvith d^erent geometric cLigurafons ^^l b^sS 

from one step to the next, such as arcular rings in one step and linear stripes in the next. Fig. I3a illustrates one of the 
posaWe arrangemerrts in which the channels 409 are arranged in a serpentine arrangement in the c^nn3S< IS? 

S r "''"^ P^'y""^^ ^"^^ a^ at location 501 , whSe the inter 

section of a previous or subsequent set of channels is shown in dashed lines. Fig. I3b illustrates another arranoement 

in which channels (in this case without flow paths 413) are orovirifid in » iin«r I JL H^Tl ^^T."!!"' 

located in adjacent regions of the substrate and extending only a portion of ihe'suSe' lengti;'" ^ 
[0072J In some embodiments of the invention, the various reagents, such as those containing the various monomers 
are not pump«l through the apertures 413. Instead, the reagent placed in one of the grooves, sS as tZrvS 

tions of the substrate are permitted to react with the materials in the grooves. In preferred embodiments ttTSannels 

then br^v^li'^'r r ^"^J ^^'"^ embodiments, he s^SStTma 

L.rpmpZ ' ' T "^""^ °' '""^P'^ °' a Channel width, permitting reaction with a^ 

placemen of monomers on the regions between the channels in a previous coupling step. Thereafter the subst^at^^r 
channel block will be rotated for the next series of coupling steps. ereaner, me substrate or 

Pl^^^^ad^-^bodiments, the process is repeated to provkJe more than 10 different polymer sequences on 
o' "o^To° o?'^ f " '"''""^ embodiments, the process is repeated to pr^'^S^Ze than lS^ o" 

10,10 10, or more polymer sequences on a single substrate. In some embodiments the process is repeated to oro 

I s f 20 30 T71 ''"^"^ ""^ '^''^ '° for^P^SS^ng , 

4, a, 6. 1 0, 1 5, 20. 30, 40, 50, 75, 1 00 or more monomers therein 

iSinn^n"^'^'"^ *° preferred embodiments, the array of polymer sequences is utilized in one or more of a variety of 
S S ?nST^r'^ H "'t 'r*^ U Serial No. 796,947, filed on Nover^e 

fL \k '"corporated herein by reference for all purposes. For example, according to one enixxliment the sub- 

tt r ' ^"""P*"^ °' '"^'^ °' antibody Accoding to pref^ Sdime,^ 

ttie receptor ,s labeled with fluorescein, or otherwise labelled, so as to provide for easy detection oi^^Tai 

e^pta over a synthesized array of polymers. For example, according to some entxxJiments the channel block is used 
o direct receptor solutions having different receptor concentrations over regions of the substrate 

■.tT *° P'®'^^ embodiments, amplification of the signal provided by way of fluorescein labellina 
Wded by exposing the substrate to the antibody of interest, and then 'exposing the sLrate toi^ielS ™fe5 
Mjs complementary to the antibody of interest and which preferaWy ttnds at muWf^e locations ofThe anbS<y 0 

No Sinn?p ? ^ ^^^'^"'^"^^ are described in PCT PubliS 

No. WO92/10092. previously incorporated herein by reference. 

V. Spotting EmtvYilmon^ 



Si nri?^nl"^ ^""l '"*«*'T'^' ^^actants) are deposited from a dispenser In droplets 

ttl2£f^Tnl? "'T- ' ""^'^ '""""'"S '"■^"^^^ d^P°^«s a first moSmer in a ser^S 

predefined regions by moving overafirst region, dispensingadroplet, moving toasecond region, dis^^^^^^ 
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and so on until the each of the selected regions has received the monomer. Next the dispenser deooslts a sernrvi 

most preferably at least about 1 0 000 reaction reoi^i.^ rv ,^r^^T^ ! ! ° "^^'^"^ ^ 

vary. In preferred embodiments there arettTeaSa^ut^o?^^^^^^^^ °' reaction regions on the substrate «.ll 

ably at least about 1 0,000 regions pa cm' ^ °" °' '"O'^ P'e'e^- 

monomer is depcSTed Tthis mannerT^ ^^'"'u '""""^ *° 
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touches the substrate. At this point, the dispenser is moved away from the surface a fixed number of increments which 
corresponds to a specific distance. From there the drop is released to the cell below. Preferably, the increments in which 
the dispenser moves less than about 5 ^im and more preferably less than about 2 ^m. 

[0084] In an alternative embodiment, the dispenser nozzle is encircled by a sheath that rigidly extends a fixed distance 
5 beyortd the dispenser tip. Preferably, this distance corresporxJs to the distance the solution drop will fall when delivered 
to the selected reaction region. Thus, when the sheath contacts the substrate surface, the nrx)vement of the dispenser 
is halted and the drop is released. It is not necessary in this embodiment to move the dispenser back, away from the 
substrate, after contact is made. The point of contact with the surface can be determined by a variety of techniques such 
as by nfX)nftoring the capacitance or resistance between the tip of the dispenser (or sheath) and the substrate below. A 
10 rapid change in either of these properties is observed upon contact with the surface. 

[00851 To this point, the spotting system has been desaibed only in terms of translational movements. However, other 
systems may also be employed. In one entxxJiment. the dispenser is aligned with respect to the region of interest by a 
system analogous to that employed in magnetic and optical storage media fields. For example, the region in which mon- 
omer is to be deposited is identified by a track and sector location on the disk. The dispenser in then moved to the 
15 appropriate track while the disk substrate rotates. When the appropriate cell is positioned below the dispenser (as ref- 
erenced by the appropriate sector on the track), a droplet of monomer solution is released. 

[0086] Control of the droplet size may be accomplished by various techniques. For example, in one embodiment, a 
conventional micropipetting instrument is adapted to dispense droplets of five nanoliters or smaller from a capillary. 
Such droplets fit within regions having diameters of 300 ^m or less when a non-wetting mask of the invention is 
20 employed. 

[0087] In another embodiment the dispenser is a piezoelectric pump that generates charged droplets arxJ guides 
them to the reaction region by an electric field in a manner analogous to conventional ink-jet printers. In fact, some ink- 
jet printers can be used with minor modifk:ation by sinrply substituting a monomer containing solution for ink For exam- 
ple, Wong el al., European Patent Application 260 965. incorporated herein by refer encp ffv an pjjrposes, describes the 

25 use oi ci uommerciai pnnter to apply an antibody to a solid matrix. In the process, a solution containing the antibody is 
forced through a small bore nozzle that is vibrating in a manner that fragments the solution into discrete droplets. The 
droplets are subsequently charged by passing through an electric field and then deflected onto the matrix material. 
[0088] A conventional ink drop printer includes a reservoir in which ink is held under pressure. The ink reservoir feeds 
a pipe which is connected to a nozzle. An electromechanical transducer is employed to vibrate the nozzle at some suit- 

30 able high frequency. The actual structure of the nozzle may have a number of different constructions, including a drawn 
glass tube which is vibrated by an external transducer, or a metal tube vibrated by an external transducer (e.g. a piezo- 
electric crystal) or a magnetostrictive metal tube which is magnetostrictively vibrated. The ink accordingly is ejected 
from the nozzle in a stream which shortly thereafter breaks into individual drops. An electrode may be present near the 
nozzle to impart a charge to the droplets. Conventional ink drop dispensers are described in U.S. Patent Nos, 3,281 ,860 

35 and 4, 121 ,222, which are incorporated by reference herein for all purposes. 

[0089] In a different preferred embodiment, the reactant solutions are delivered from a reservoir to the substrate by 
an electrophoretic pump. In this device, a thin capillary connects a reservoir of the reactant with the nozzle of the dis- 
penser. At both ends of the capillary, electrodes are present to provide a potential difference. As is known in the art the 
speed at which a chemical species travels in a potential gradient of an electrophoretic medium is governed by a variety 

40 of physical properties, including the charge density, size, and shape of the species being transported, as well as the 
physical and chemical properties of the transport medium itself. Under the proper conditions of potential gradient, cap- 
illary dimensions, and transport medium rheology, a hydrodynamic flow will be set up within the capillary. Thus, in an 
electrophoretic pump of the present invention, bulk fluid containing the reactant of interest is pumped from a reservoir 
to the substrate. By adjusting the appropriate position of the substrate with respect to the electrophoretic pump nozzle, 

45 the reactant solution is precisely delivered to predefined reaction regions. 

[0090] In one particularly useful application, the electrophoretic pump is used to produce an array containing various 
fractions of an unknown reactant solution. For example, an extract from a biological material such as leaf or a cell cul- 
ture might contain various unknown materials, including receptors, ligands. alkaloids, nucleic acids, and even biological 
cells, some of which may have a desired activity. If a reservoir of such extract is electrophoretically pumped, the various 

50 species contained therein will move through the capillary at different rates. Of course, the various components being 
pumped should have some charge so that they can be separated. If the substrate is moved with respect to the dis- 
penser while the extract components are being separated electrophoretically. an array containing various independent 
species is produced. This array is then tested for activity in a binding assay or other appropriate test. Those elements 
of the array that show promising activity are correlated with a fraction of the extract which is subsequently isolated from 

55 another source for further study. In some embodiments, the components in the extract solution are tagged with, for 
example, a fluorescent label. Then, during the process of delivering the solution with the electrophoretic pump, a fluo- 
rescence detector determines when labeled species are being deposited on the substrate. In some embodiments, the 
tag selectively binds to certain types of compounds within the extract, and imparts a charge to those compounds. 
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S TJd. L '"^^'^s '"dude osmotic pumps and cell (biological) sorters. An osmotic pump delivers 

™ri^ ^' ! °' such pumps is well-known in the art, generally 

n r ^ T ''''^'^ ' ^'^^"^ P^^'^^^l^ '«9- Os'^^ti'^ pressure is app iL to the 

SoTJo ^no' f ^=r°^ the bag to equalize a concentration difference. The eSact is thu 

whl « fn N f '''' the art, and can be used in appli- 

catons where rt is desirable to apply single biological cells to distinct locations on the substrate 

I! ^t^!^, embodiments have been directed to systems employing liquid droplets, minuscule aliquots 

2nS J ilrS r iZ""" '""'^"^ '° "^'"'^'"^^ P^"«t^ Such pellets can be formed from the com- 

fwund of 'n^r^t{e.g. Ugands for use in an affinity assay) and one or more kinds of inert binding material. The con^o- 
srtion of such binders and methods for the preparation of the pellets will be apparent to those of skill in the art S^h 
rn|n,^ellets wil be compatible with a wide variety of test substances, stable for long periods of time, suitable for easy 
71" ^'°;^f/^sel and dispensing (i.e., non-tacky, preferably suspendat^e in a liquid such as phyS 
logical buffer), and inert with respect to the binding activity of receptors 

[0093] In preferred embodiments, the reactant solutions in each predefined region are prevented from moving to adia- 
^ ^^'"^T ''''''' °' constraining regions. For example to confine aqueous monomer solutions a 
hydr,^hj,c material is used to coat the reacton regions, while a hydrophobic material is used in preferred embodiments 
^1^7°"^''^ ^"^ '^9'°"^ °< ^t'^" non-aqueous or nonpolar solvents are 
^^fnn T T'"^' ^"""'^"^ P'"*"^^^ '"^'"^ ^PP^°P^i^te materials (substrates, hydropho- 
bic coangs, and reactan solvents), the contact angle between the droplet and the substrate is advantageoiLly^n- 

!1 » . ^"^T '^"^"^ ""^ ^"''^^^t^ desired because the solution then 

.^IT \n '^^^ '''''' °" droplet wets a larger area In 

extreme cases, the droplet will spread to cover the entire surface. a • ' 

[0094] The contact angle is determined by the following expression, known as Young's equation: 

cos e .(o^ - o.,)/o„ 



where 6 is the wetting angle. 



is the solid-air tension, 
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is the solid-liquid tension, and 
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»1 H f T °* ^"^'^ 9°^^"«^ by thermodynamic conskJerations 

inc uding the chemical constrtuents of the liquid and the solid substrate The liquid-air surface tension for various chem 

^"t'f' °' '""^ ^= '^^^"'''^ Physical ChPmi.Tvnf...„r. 

S COM , H ^''^^ '"=°^P°^t«^ f^srein by reference for all purposes. The difference 

fnTL^h ."h '"'1^ 1'^" "^"^ ^ ^y^""^' ^^t^™'"^' ^"^'rically from a Zlsman plot. In this 
^ThTSJL contact angles are measured for a homologous series of liqukJs on a given solid surface. For some liquid 

T!,^T,^rl !f IT? "'^'"^ ^^''^ t^"^°" "^"*ds wet the surface. The liq- 

uid-air suifece tension of the liquid at this critical contact angle is assumed to be the surface tension of the solid This 

S!!^f i° reasonable results for low energy solids such as Teflon, polyethylene, hydro- 

^Sl L 1 "^'T? ^""^ "^'"^ *° '^'^'^ ^"bstrate compositions to increase wettng 

angles for given reactant solutions in the array ^ 

iS tt^erefore the focal surface free energy of a substrate surface 

rn^I . '^!:'^ '"^^ ""'^ ''^^ ^^^"^^ «"d otfier techniques 

apphed ,n the fabri^tion of integrated drcurts can be applied to deposit highly uniform laye,^ on selected regions of a 
surface. As a specrfic example, the wettability of a silicon wafer surface has been manipulated on the microineter scale 
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through a combination of self-assembled monolayer depositions and micromachining. See Abbott et al . "Manipulation 
of the Wettability of Surfaces on the .1 to 1 Micrometer Scale Through Micromachining and Molecular Self-Assembly- 
Science. 257 (Sept. 4, 1992) which is incorporated herein by reference for all purposes. 

[0096] In a preferred embodiment, the perimeters of the individual regions are formed on a hydrophilic substrate 
5 defined by selectively removing hydrophobic protecting groups from the substrate surface. For example, a mono-layer 
of hydrophobic photoprotecting groups can be coupled to, for example, linker molecules attached to the substrate sur- 
face. The surface then is selectively irradiated (or othenwise activated by. for example, acid) through a mask to expose 
those areas where the reaction regions are to be located. This cleaves the protecting groups from the substrate surface, 
causing the reaction regions to be less hydrophobic than the surrounding area. This process produces a high density 
10 of reaction regions on the substrate surface. Because hydrophobic materials have lower surface free energies (surface 
tensions) than water, the solution droplet in the cell beads rather than spreads. 

10097] In some preferred embodiments, the substrate is prepared by first covalently attaching a monolayer of the 
desired reactive functional group (e.g. amine, hydroxyl. cartx)xyl. thio. etc.), which is protected by a hydrophobic pho- 
tolabile protecting moiety. If the substrate provides a glass surface, the monolayer may be deposited by a silanation 
15 reaction as shown below 
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In the above structures. Y is a spacer group such as a polymethylene chain. X is a reactive protected group such as 
NH, C(0)0. O. S, etc., and Pr is a hydrophobic photolabile protecting group. 

[0098] In an alternative prefen-ed embodiment shown below, the substrate surface is f iret derivatized by. for example, 
a silanation reaction with appropriates to provide an amine layer. A molecule including a spacer, a reactive group, and 
a photolabile group is then coupled to the surface. 




[0099] The photolabile protecting group should be sufficientiy hydrophobic as to render the substrate surface substan- 
tially non-wettaWe. Removal of the protecting group in specific areas by exposure to light through a suitable mask, lib- 
erates the reactive functional groups. Because these groups are hydrophilic in character, they will render the substrate 
wettable in the exposed regions. 

[0100] The class of niti^obenzyl protecting groups, which is exemplified by the nifroveratryl group, imparts significant 
hydrophobidty to glass surfaces to which a member of the dass is attached. The hydrophobicity of the basic nitrobenzyl 
protecting group is enhanced by appending group chain hydrocarbon substituent. Exemplary hydrophobic chains 
include C12H25 (lauryl) or C18H37 (stearyl) substituents. The syntheses of suitably activated forms (bromide, chlorome- 
thyl ether, and oxycarbonyl chloride) of a typical protecting group is schematically outlined in Fig. 14. 
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(0101] The spacer group ("Y") contributes to the net hydrophobic or hydrophilic nature of fhP ^nrfa.. p 
those spacers consisting pnmarily of hydrocarbon chains such as 

fend to decrease wettability. Spacers Including polyoxyethylene 
or polyamide 

,5 (-(CH:CO(IH)^) 
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tion can be further controlled by application of a film or coverplate having a ^rsTaX itrn SJ^rlttf^Tr'" 
ventng .aporaton are well-known in the phy^ca. chemicaT^rts and bfuS^^ 



18 



EP 0 916 396 A2 



[0105] In some preferred embodiments, evaporation is advantageously employed to accelerate hybridization of target 
oligonucleotides with immobilized oligonucleotides in the reaction regions. In one specific embodiment, fluorescently 
tagged or othen^^ise labelled target oligonucleotides in solution (e.g.. a solution containing a salt such as ammonium 
acetate or magnesium chloride) are delivered to reaction regions containing immobilized probe oligonucleotides. As the 
volatile salt solution evaporates from the reactant droplet (in the same manner as solvent evaporates from an ink droplet 
deposited by an ink jet printer), a locally high concentration ratio of target to probe oligonucleotide results, accelerating 
hybridization. If hybridization is carried out at room temperature, ten minutes to a few hours are typically required to 
complete the reaction. After sufficient time, the unhybridized DNA is washed or othenwise renioved from the substrate. 
Finally, the substrate is imaged to detect regions in which the probe and target DNA have hybridized. Of course, evap- 
oration can be advantageously employed to increase the local concentration of non-DNA solutes in a variety of reac- 
tions besides hybridization. For example in some embodiments, receptor solutions are sufficiently volatile that the local 
receptor concentration inaeases in the reaction regions containing peptides, for example, to be screened. 
[0106] The arrays produced according to the above spotting embodiments are generally used in much the same man- 
ner as the arrays produced by the flow channel embodiments described above. For example, the arrays can be used in 
screening with fluorescein labelled receptors as described in PCT Publication No. WO92/10092. previously incorpo- 
rated by reference. 



VI. Alternative Embodiments 



[0107] According to some embodiments of the invention, microvalve structures are used to form channels along 
selected flow paths on the substrate. According to these embodiments, an array of microvalves is formed and operated 
by an overlying or underlying array of electrodes that is used to energize selected valves to open and dose such valves. 
[0108] Fig. 1 5 illustrates such a structure. Fig. 1 5a illustrating the system in end view cross-section and Fig. 1 5b illus- 
tratinq the system in too view The strurrturp Rhnwn thoroin nrr^/iHae w /^r>^w **w«*u^^;^ «i 1 *j r 

- - -- I " ^'"j "''^ ^jfui^^ai^ \jiiatttLjcto nji uiKs \jut\ju^i: u\ 

Clarity, but in most embodiments a far greater number of chambers will be provided. Microvalves are discussed in detail 
in, for example, Zdeblick. U.S. Patent No. 4,966,646. and Knutti, "Advanced Silicon Microstructures." ASICT Confer- 
ence (1989). both incorporated herein by reference for all purposes. 

[01 09] As shown therein, a substrate 602 is provided with a plurality of channels 604 formed using photolithographic, 
or other related techniques. The channels lead up to a synthesis chamber 606. At the end of each channel is valve 
structure 608. As shown in Fig. 15, the channels lead up to the chambers, but may be isolated from the chambers by 
the valves. Multiple valves may be provided for each chamber. In the particular structure shown in Fig. 15. the right valve 
on the left chamber and the left valve on the right chamber are open while the remaining valves are closed. Accordingly 
If reagent is delivered to the top of the substrate, it will flow through the open channel to and through the chamber on 
the left, but not the one on the right. Accordingly, coupling steps may be conducted on the chant^er with selected rea- 
gents directed to selected chambers, using the techniques discussed above. 

[0110] Accading to some embodiments, a valve is supplied on one side of the chamber 606, but the valve on the 
opposite side is replaced by a semi-permeable membrane. According to these embodiments, it becomes possible to 
flow a selected reagent into the chamber 606 and, thereafter, flow another selected reagent through the flow channel 
adjacent the semi-permeable membrane. The semi-permeable membrane will permit a portion of the material on one 
side or the other to pass through the membrane. Such embodiments will be useful in. for example, cell studies. 
[01 1 1 ] Screening will be performed by for example, separating or cutting two halves of the device, enabling screening 
by for example, contacting with a fluorescein labelled antibody or the like followed by photodetection. 
[01 1 2] Figs. 1 6a and 1 6b illustrate another alternative embodiment of the invention which combines the mechanical 
polymer synthesis techniques disclosed herein with lighKJirected synthesis techniques. Accading to these embodi- 
ments, a substrate 401 is irradiated in selected regions, shown as the stripes in Fig. 16a. Tfie surface of the substrate 
is provided with photoremovaWe groups in accordance with PCT Publication No. WO92/10092 (previously incorporated 
by reference) on, for example, amine groups in the specific case of peptide synthesis. During this step regions 701 , 702, 
and 703 of the substrate, arriong others, are deprotected. leaving remaining regions of the substrate protected by pho- 
toremovable groups such as nitroveratryl oxycarbonyl ("NVOC"). According to a specific embodiment of the invention 
the widths of the irradiated regions equal the widths of the protected regions of the substrate. 
[01 1 3] Thereafter, as shown in Fig. 1 6b the substrate is contacted with a channel block 407. In the particular embod- 
iment shown in Fig. 16b. the channels 704. 705, and 707 are aligned with the regions 701 . 702. and 703. respectively 
on the substrate 401. As will be apparent, specific embodiments of the invention provide for irradiated regions and 
channels in the form of stripes, which are aligned during this step. Other embodiments, however, will provide for other 
shapes of irradiated regions and channels, and other relative orientations of the in-adiated regions and channels. The 
channel block and substrate will be aligned with, for example, an alignment mark placed on both the substrate and the 
channel block. The substrate may be placed on the channel block with, for exarrple. a vacuum tip. 
(01 1 4] Thereafter, a selected reagent is flowed through or placed in the channels in the channel block for coupling to 
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Channel block to the 5^^! aS^deS Z. T ^« embodiments to avoid corrpress.on of the 

ferent reagent f lo Jth^reac^o? he c^^^^^^^^ TaTnd^or^ '° T""" "'^^^^ °' ^ 
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VI. Exame!^ 
A. Leak Testing 
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10122] Accordingly, a flat piece of conventional glass having dimensions of about 42 mm x 42 mm was derivatized 
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with aminopropyltriethoxysilane. The entire slide was deprotected and washed using conventional techniques. A fluo- 
rescein marker of FITC was then injected into flow channels formed when a block of KelF™ 81 with 10 channels of 1 
mm depth and 1 mm width were brought into contact with the substrate. The fluorescein marker was in a solution of 
DMF and flowed through the channels by injecting the material into the groove with a manual pipet. 
[0123] Fluorescein dye was similarly injected into every other channel in the block, the block was rotated, and the 
process was repeated. The expected resulting plot of fluorescent intensity versus location is schematically illustrated in 
Fig. 1 7. Dark regions are shown at the intersections of the vertical and horizontal stripes, while lighter grey at non-inter- 
secting regions of the stripes. The dark grey regions indicate expected regions of high dye concentration, while the light 
regions indicate regions of expected lower dye concentration. 

[0124] A mapping was made of fluorescence intensity of a portion of an actual slide, with intensity data gathered 
according to the methods of PCT Publication No. W092y 10092, previously incorporated by reference. The results agree 
closely with the expected results, exhibiting high fluorescence intensity at the intersection of the channels (about 50% 
higher than non-intersecting regions of the stripes), and lower fluorescence intensity at other regions of the channels. 
Regions which were not exposed to fluorescence dye show little activity, indicating a good signal-to-noise ratio. Inter- 
sections have fluorescence intensity about 9x as high as background. Also, regions within the channels show kw vari- 
ation in fluorescence intensity, indicating that the regions are being evenly treated within the channels. 

B. Formation of YGGFL 

[0125] The system was used to synthesize four distinct peptides: YGGFL (SEQ. ID N0:1), YpGFL (SEQ. ID N0:2), 
pGGFL (SEQ. ID N0:3), and ppGFL (the abbreviations are included in Stryer, Biochemistry. Third Ed. (1988). previ- 
ously incorporated herein by reference; lower case letters indicate D-optical isomers and upper case letters indicate L- 
optical isomers). An entire glass substrate was derivattzed with TBOC-protected aminopropyltriethoxysilane. depro- 
tected with TFA, coated with FMOC-orotected caoroic ar^id link^r^ ripnmioHoH «/ifh 
FMOC-protected Glycine-Phenylalanine-Leucine (GFL). ' " 

[01 26] This FMOC-GFL-coated slide was sealed to the channel block, and all 1 0 grooves were deprotected with pip- 
eridine in DMF. After washing the grooves. FMOC Glycine (G) was injected in the odd grooves, and FMOC d-ProIine (p) 
was injected in the even grooves. After a two-hour coupling time, using standard coupling chemistry, all grooves were 
washed with DMF The grooves were vacuum dried, the block removed and rotated 90 degrees. After resealing. all 
grooves were deprotected with piperidine in DMF and washed. FMOC Tyrosine (Y) was injected in the odd grooves, and 
FMOC p in the even grooves. After coupling the grooves were washed and vacuum dried. Accordingly. 25 regions of 
each of the compounds YGGFL, YpGFL. pGGFL. and ppGFL were synthesized on the substrate. The substrate was 
removed and stained with FITC-labelled antibodies (Herz antibody 3E7), 

[0127] The resulting slide showed bright regions of high fluorescence. White squares are in locations of YGGFL The 
darkest regions are pGGFL and ppGFL The YGGFL sites were the most intense, followed by the YpGFL sites. The 
pGGFL and ppGFL intensities were near background levels, consistent with expected results with the Herz antibody. 
[0128] Quantitative analysis of the results show overall intensity ratios for YGGFL: YpGFL:pGGFL:ppGFL as 
1.7:1.5:1.1:1.0. However, since there is a large standard deviation on the YGGFL and YpGFL. comparing all the sites 
with each other may not accurately represent the actual contrasts. Conparing the intensities of sites within the same 
"stripe" gives larger contrasts, although they remain on the order of 2:1. 

C. 100 Micron Channel Block 

[01 29] A grid pattern of fluorescein isothiocyanate coupled to a substrate was made by using a flow cell of this inven- 
tion. A two by three inch NVOC-derivatized substrate was photolyzed through a mask to produce 400 micron activated 
bands on one axis. An etched silicon channel block having 64 parallel 100 micron channels separated by 100 micron 
walls was then clariped to the substrate on the other axis (i.e., perpendicular to the axis of 400 micron activated bands). 
The clamping assembly consisting of aluminum top and bottom clamp plates was used. Pressure was applied by tight- 
ening two bolts with a torque wrench to 400 psi. A 7 mM fluorescein Isothiocyanate solution was flowed through the 
channels by pipetting directly to exposed channel ends. 

[0130] An image of the substrate showed regions of high fluorescence indicating that the fluorescein had bound to 
the substrate. White squares indicating fluorescein binding were present as 400 micron horizontal stripes on the pho- 
tolyzed regions within the 100 micron vertical flow paths. Contrast ratios of 8:1 were observed between the channels 
and the channel spacings. This demonstrates the nearly complete physical isolation of fluid passing through 100 micron 
channels under 400 psi of clamping pressure. 
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D. Channel Matrix Hybridization Assay 

[0131] A center region of a two by three inch slide was derivatized with bis{2-Hydroxyethyl) aminopropyltriethoxy 
silane. Six nucleosides were then coupled to the entire reaction region using a synthesis process consisting of depro- 
tection, coupling, and oxidation steps for each monomer applied. These first six nucleosides were coupled in a reaction 
region defined by a 0.84 inch diameter circular well in an aluminum template clamped to the two by three inch slide. 
[0132] The seventh and eighth monomers were applied to the substrate by flowing monomer solutions through 100 
micron channels in an etched silicon channel block (employed in Example C above). The seventh base was coupled 
along the long axis (vertical) of the two-inch by three-inch slide, and the eighth base perpendicular to the seventh, along 
the short axis (horizontal) of the slide. This defined an active matrix region of 1 .28 by 1 .28 cm having a density of 2,500 
reaction regions per square centimeter 

[0133] The channel block was centered ever the reaction region and danped to the substrate using a clamping 
assembly consisting of machined aluminum plates. This aligned the two inch by three inch substrate relative to the 
channel block in the desired orientation. Rotation of the top clamp plate and channel block relative to the bottom clamp 
plate and substrate between the seventh and eighth coupling steps provided for the matrix of intersecting rows and col- 
umns. 

[01 34] In the top clamp plate, fluid delivery wells were connected to laser<lrilled holes which entered individual chan- 
nels from the back surface of the channel block. These delivery wells were used to pipette coupling reagents into chan- 
nels while the channel block was clamped to the substrate. Corresponding fluid-retrieval wells were connected to 
vacuum at the downstream of the channel WocK drawing fluid through the channels and out to a waste container. Thus 
continuous fluid flow over the substrate in the channel region during coupling steps was achieved. 
[0135] The complete octamer synthesized at the channel intersections formed by the seventh and eighth coupling 
steps had the following sequence: 

Substrate"(3')CGCAGCCG(5') (SEQ. ID NOA). 

[0136] After completion of the synthesis process, cleavage of exocyclic amines was performed by immersion of the 
reaction region In concentrated ammonium hydroxide. The reaction region was then incubated at 15*C for one hour in 
a 10 nM solution of the complementary base sequence 5' GCGTCGGC-F (SEQ. ID No:5). where T" is a fluorescein 
molecule coupled to the 3' end of the oligonucleotide. The target chain solution was then flushed from the reaction 
region and replaced with neat 6x SSPE buffer, also at IS'^C. Finally, the reaction region was then scanned using a laser 
fluorescence detection system while immersed in the buffer. 

[0137] The brightest regions in the resulting image correspond to channel intersections where a full octamer was syn- 
thesized on the substrate surface. Vertical columns on the image displayed the channel regions where the seventh base 
was coupled, while horizontal rows display the channel regions where the eighth base was coupled. Brightness in the 
channel intersection regions indicated hybridization between the fluoresceinated target chain and the complementary 
chain synthesized and bound to the substrate in these regions. The vertical stripes of the image showed a consistent 
brightness with regions of significantly greater brightness at the intersection regions. The horizontal stripes did not con- 
tain the consistent brightness of the vertical stripes, but did have regions of brightness at the intersections with the ver- 
tical stripes. The consistent brightness along the seventh monomer axis (vertical) indicated partial hybridization of the 
target chain in areas where seven of the eight complementary bases were coupled to the substrate surface. The lack 
of brightness along the eighth monomer axis (horizontal) is consistent with the expectation that a chain of six matching 
bases bound to the substrate surface will not hybridize effectively to an octamer in solution (heptamere with six match- 
ing bases followed by a mismatch at the seventh position). The darker background consists of hexamers consisting of 
the first six monomers coupled to the entire reaction region 

VII. Conclusion 

[0138] The above description is illustrative and not restrictive. Many variations of the invention will become apparent 
to those of skill in the art upon review of this disclosure. Merely by way of example a variety of substrates, receptors, 
ligands, and other materials may be used without departing from the scope of the invention. The scope of the invention 
should, therefore, be determined not with reference to the above description, but instead should be determined with ref- 
erence to the appended claims along with their full scope of equivalents. 

[0139] According to an aspect of the invention, there is provided a method of forming polymers having diverse rDon- 
omer sequences on a single substrate, said substrate comprising a surface with a plurality of selected regions, said 
method comprising the steps of: 

a) forming a plurality of channels adjacent said surface, said channels at least partially having a wall thereof defined 
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by a portion of said selected regions; 

b) placing selected monomers in said channels to synthesize polymers at said portion of said selected regions said 
portion of said selected regions comprising polymers with a sequence of monomers different from polymers in at 
least one other of said selected regions; and 

c) repeating steps a) and b) with said channels formed along a secorxJ portion of said selected regions. 

[0140] Preferably, said step of forming a plurality of channels comprises the step of placing a channel block adjacent 
said surface, said channel block having a plurality of grooves therein, walls of said grooves and said surface at least 
partially defining said flow channels. 

[0141] In one embodiment of this aspect of the invention, the step of placir>g selected reagents in said channels may 
comprise the steps of; ^ 



removing a protecting group from an active site in at least a first channel; 

flowing a first monomer through said at least a first channel, said first monomer comprising a protecting group ther- 
15 eon. said first monomer binding to said active site in said first channel; 

removing a protecting group from said active site in at least a second channel, at least a portion of said second 
channel overlapping a portion of said substrate contacted by said first channel; and 

flowing a second monomer through sakJ at least a secorxJ channel, said second monomer binding to said active 
site in said second channel. 
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[01 42] In this embodiment, the steps of removing and flowing may further comprise the steps of; 

placing a channel block in contact with said surface in a first orientation and placing a material comprising a first 
monomer through at least one channel in said channel block: 
rotating one of said channel block and said substrate relative to the other; and 
placing a channel block in contact with said surface in a second orientation and placing a material comprising a 
second monomer through at least one channel in said channel block. 

[0143] Preferably, the method of this aspect of the invention further comprises the step of screening said polymers for 
30 binding affinity with a receptor. 

[0144] Preferably, at least 10 different polymers are formed on said surface. Alternatively, at least 1 000 different doI- 
ymers are formed on said surface. ' 
[01 45] Alternatively, at least 1 00.000 different polymers are formed on said surface. 
[01 46] Preferably, said polymers are selected from the group consisting of oligonucleotides and peptides 
35 [0147] Preferably, said selected regions each have an area of less than about 10,000 microns^ 

[0148J In one embodiment of this aspect of the invention, said steps of placing selected reagents in said channels 
may comprise: 

placing a pipet in fluid communication with said channel; and 
<f injecting said selected reagents through said channels. 

[0149] In this embodiment, said step of placing a pipet in fluid communication with said channel may be a step of plac- 
ing sad pipet in contact with an orifice on a side of said substrate opposite said surface. Alternatively, said step of plac- 
ing a pipet in fluid communication with saW channel may be a step of placing a plurality of pipets in communication with 
a plurality of said channels and flowing different reagents through at least two of said channels 
[0150] The method of this aspect of the invention may be preceded by the step of forming an array of valves of said 
surface whereby fluid may be directed to desired locations on said surface, and selectively operating said valves and 
flowing said selected reagents through channels formed thereby 

[01 51 ] The method of this aspect of the invention may be preceded by the step of irradiating portions of said substrate 
with light whereby photoremovable groups are removed from active groups on said substrate. Said selected irradiated 
portions may be in the form of stripes, and wherein said step of forming channels comprises forming said channels 
along a path of said stripes, different reagents placed in at least a portion of said channels. 
[0152] According to another aspect of the invention, there is provided a method of forming a plurality of peptide 
sequences on a surface of a single substrate comprising the steps of: 

a) placing said substrate in contact with a channel block in a first orientation, said channel block having a plurality 
of channels therein; ' 

b) flowing at least a first amino acid through at least one of said channels, coipling said first to portions of said sur- 
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face; 

c) flowing at least a second amino acid through at least one of said channels, coupling said second amino acid to 
portions of said surface; 

d) rotating said channel block relative to said substrate and placing said substrate in contact with said channel block 
again; 

e) flowing a third amino acid through at least one of said channels to form at least first and second peptide 
sequences on said surface; and 

f) flowing a fourth amino acid through at least one of said channels to form at least third and fourth peptide 
sequences on said surface 

[0153] According to yet another aspect of the invention, there is provided a kit for forming diverse polymer sequences 
comprising: 

a substrate; 

a channel block, said channel block having a plurality of grooves therein; 
means for holding said channel block in engagement with said substrate: 
means for translating said channel block and said substrate relative to the other; and 
means for injecting selected reagents into said grooves. 

[0154] In this kit aspect of the invention, said substrate may comprise active site protecting groups, and may further 
comprise a deprotecting material for removal of said protecting groups. 

[01 55] In the kit aspect of the Invention, said grooves may be connected to apertures in said channel block, said aper- 
tures extending through a back surface of said substrate. 

[0156] !n the kit aspect cf the irT.'snticn the kit may further ccrr^ricc mccrsc for Irrudiutincj ccicctcd pcrticns cf cciid 
substrate for removal of protecting groups on said substrate, said protecting groups removed from active sites on said 
substrate upon exposure to light. Said means for irradiating may comprise a light source and a light mask, said light 
mask comprising regions opaque to said light and regions transmissive to sakJ light. 

[01 57] In the kit aspect of the invention, said means for injecting may comprise a pipettor. Said pipettor may comprise 
a plurality of pipettes, each of which is coupled to a different one of said grooves. 

[0158] According to yet another aspect of the invention, there is provided a system for conducting a plurality of reac- 
tions on a single substrate, the system comprising: 

at least about 100 reaction regions on the single substrate, each reaction region being capable of conducting a sep- 
arate reaction; 

means for delivering one or more reactants to one or more of the reaction regions; and 

means for constraining at least some of the reactants from contacting at least some of the reaction regions. 

[0159] The substrate may comprise a plurality of passages and the reactions are supports within said passages. 
[01 60] The means for delivering the one or more reactants may be flow channels of a channel block adjacent the sub- 
strate and the means for constraining at least some of the reactants are walls of the flow channel. 
[0161] The means for constraining at least some of the reactants may be a hydrophobic layer on the surface of the 
substrate. 

[0162] According to a substrate aspect of the invention, there is provided a substrate comprising: 
greater than about 100 reaction regions having different compounds therein; 

a constraining region surrounding the reaction regions, the constraining region being more hydrophobic than the 
reaction regions. 

[01 63] The constraining region may comprise hydrophobic protecting groups. The protecting groups may be photola- 
bile. 

[0164] The reaction regions may define channels. 

[01 65] The substrate may include greater than about 1 000 reaction regions. 

[01 66] According to yet another aspect of the invention, there is provided a method of forming a plurality of polymers 
having diverse monomer sequences on a substrate, the substrate including a plurality of reaction regions surrounded 
by a constraining region, the reaction regions being more wettable by one or nrore monomer solutions than the con- 
straining region, the method comprising: 

sequentially placing the one more monomer solutions in a first reaction region to form a first polymer having a first 
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monomer sequence, the monomer solutions being confined to the first reaction region by the constraining region; 
artd 

sequentially placing the one more monomer solutions in a second reaction region to form a second polymer having 
a second monomer sequence, the monomer solutions being confined to the first reaction region by the constraining 
5 region. 

[0167] The steps of placing monomer solutions in the first reaction region may include moving a pipette with respect 
to the substrate arxl depositing at least one monomer solution in the first reaction region. 

[01 68] The method of this aspect of the invention may further comprise steps of periodically removing monomer solu- 
te tions from the first and second reaction regions after selected monomers have been coupled to the first and second pol- 
ymers. 

[0169] In this aspect of the invention, a first monomer may be coupled in the first reaction region and a second mon- 
omer may be coupled in the secord reaction regions before additional monomers are placed and coupled in the first 
and second reaction regions. 

15 [0170] The monomer solutions may be placed in the first and secorxJ reaction regions by a dispenser selected from 
the group consisting of an electrophoretic pump, a pipette, and a charged drop dispenser 

[0171] According to yet another aspect of the invention, there is provided a method of transforming a first heteroge- 
neous array of compounds on a single substrate, the heterogeneous array of compounds having a plurality of reaction 
regions, the method comprising the following steps: 

20 

activating a first group of reaction regions and a second group of reaction regions; 

delivering a first reactant to the first group of reaction regions but not to the second group of reaction regions; 
allowing the first reactant to react at the first group of reaction regions, to convert the first heterogeneous array into 
a second heterogenous array, wherein the heterogeneous arrays have greater than aboirt ion Hi^inri reaction 
25 regions. 

[0172] The method of this aspect of the invention may further comprise a step of isolating the first group of reaction 
regions from the second group of reaction regions. The first group of reaction regions may be isolated by placing a 
channel block against the substrate. 
30 [0173] In this method aspect of the invention, the first group of reaction regions may be isolated from the second group 
of reaction regions by walls on the substrate. The substrate may include a series of flow through reaction regions sep- 
arated from one another by walls. 

[0174] In this method aspect of the invention, the first group of reaction regions may be isolated from the second group 
of reaction regions by one or more non-wetting regions on the substrate. 
35 [0175] In this aspect of the invention, the heterogenous an-ays may have greater than about 1000 distinct reaction 
regions. 

[01 76] The method of this aspect of the invention may further comprise the following steps: 

delivering a second reactant to the second group of reaction regions but not to the first group of reaction regions; 
40 allowing the second reactant to react at the second group of reaction regions; 

activating a third group of reaction regions, the third group having some reaction regions in common with the first 
group of reaction regions; 

delivering a reactant to the third group or reaction regions but not to the second group of reaction regions; and 
allowing the a reaction to take place in the third group of reaction regions. 
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INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

Tyr Gly Gly Phe Leu 
1 5 



INFORMATION FOR SEQ ID NO; 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 

Tyr Gly Phe Leu 
1 
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(2) INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 aaino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3 
Gly Gly Phe Leu 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (primer) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 
GCCGACGC 

8 
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(2) INFORMATION FOR SEQ ID N0:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (primer) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 
GCGTCGGC 

8 



Claims 

1 . A method of formina oliaonuclftotiriftp; 

»- -I a www ww^wiwiiw^^ wii a oiii^ic ouL/oLtaic, &ci(U bUUbUaiS 

comprising a surface with a plurality of selected regions with acid-labile protectng groups protecting activated sites 
capable of covalently binding nucleic acids or amino acids, said method comprising the steps of; 

(a) providing on said surface a photoresist wherein said photoresist is an acid generating polymer; 

(b) selectively Iradiating a portion of said plurality of selected regions whereby acid is generated thereby 
removing said acid-labile protecting groups to provide said activated sites in said selectively irradiated portion- 

(c) removing said photoresist in said selectively in-adiated portion of said plurality of selected regions- 

(d) contacting and covalently binding selected nucleic acids or amino acids to said activated sites in said selec- 
tively irradiated portion; 

(e) sequentially contacting and covalently bonding one or more selected nucleic acids or amino acids to the 
substrate of step d) to form said oligonucleotides or peptides having diverse sequences at the selectively irra- 
diated portions. 



2. 



3. 



The method of claim 1 . wherein said irradiating step causes said photoresist to release protons to create an acidic 
condition, said acidic condition activating said underlying compound. 

A method of forming an array of diverse molecules on a surface of a substrate, said surface of said substrate having 
active sites thereon, said active sites being protected by protecting groups, comprising: 

removing said protecting groups from at least a first selected region on said surface; 
exposing said at least first selected region to a first monomer containing solution said first monomer including 
a protecting group coupled to an active site, said exposing step conprising the steps of generating droplets of 
said monomer containing solution, charging said droplets and deflecting said charged droplets onto said sub- 
strate; 

removing said protecting group from at least a second selected region of said substrate; 
exposing said at least second selected region to a second monomer containing solution, said second mono- 
mer including a protecting group coupled to an active site, said exposing step coftprising the steps of gener- 
ating droplets of said monomer containing solution, charging said droplets and deflecting said charged 
droplets onto said substrate; 

repeating said removing and exposing steps to form an array of diverse molecules in said at least first and sec- 
ond selected regions. 

The method of claim 3. wherein said step of generating droplets of said monomer containing solution comprises 
passing said monomer containing solution through an opening in a vibrating tube whereby said monomer contain- 
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ing solution is dispersed into droplets. 

The method of claim 3, wherein said step of charging said droplets of monomer containing solution comprises an 
'^'^ ^'"^ '"""^'""^ ^ ""^'^^ *° '^'^ "^'"P"'" °' containing 

The method of claim 3, wherein said step of deflecting sakJ droplets of monomer containing solution onto said sur- 
face of said substrate comprises deflecting said droplets of monomer containing solution onto said at least first 
selected region or said at least second selected region. 

The method of claim 3. wherein said removing steps comprise generating droplets of a deprotecting agent, charg- 
TubSate ^^^o^^^'i^a agent and deflecting said droplets of deprotecting agent onto said surface of sakJ 

8. The method of daim 7, wherein said step of generating droplets of said deprotecting agent comprises passing said 
lYTdr'^leS"^^'"'"^ ^ ^ ""^'^^'"^ '"^^ "^^'^^ deprotecting agent is dispersed 

9. The method of claim 8, wherein said step of charging said droplets of deprotecting agent comprises an electrode 
adjacent said opening in said tube, thereby imparting a charge to said droplets of deprotecting agent. 

10. The method of claim 7. wherein said step of deflecting said droplets of deprotecting agent onto sakl surface of said 
substrate comprises deflecting said droplets onto said at least first selected region or said at least second selected 

rsQion. 
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